Abstract. The stepping actuator is a device used to control the choke opening in the subsea production. The performance of the control system is directly related to the subsea production schedule and safety. In this paper, the working principle of underwater stepping actuators is studied. Moreover, the response and steady state characteristics of the control system are simulated and checked. Then take some measures to improve its control characteristics, and make it meet the control requirements.
Introduction
It is generally known that the working environment of subsea oil-gas production system is very special. Excellent performance actuator is essential in order to the valve will be working normal. In general, to the underwater valve which will be working in the shallow water, in most cases, foreign companies adopt handwheel and gearbox and then operated by diver under the water. However, it should be operated by the ROV, or use the hydraulic control system to achieve the expected function when the valve actuator will be working in the deep-water. Most of the power source of valve actuators which will be working in the deep-water is hydraulic and the hydraulic fluid conveyed by umbilical cables [1] [2] . The stepping actuator is a device used to control the choke opening in the subsea production. The reliability of the control system directly related to the subsea oil and gas production. Therefore, it is of particular importance that the design of control system when designing the underwater valve stepping actuators.
The Structure of Stepping Actuators
Stepping actuators are the typical actuator in the subsea oil production equipment, its structure is shown in Fig.1 . It is mainly used to control the choke in the subsea oil production equipment. Generally, stepping actuator mainly contains shell, ratchet, connecting rod, spring and single-acting hydraulic cylinder. And there are two single-hydraulic cylinders, one is used to control the choke opening, and the other is used to control the choke closing. Every time due to the action of hydraulic oil, the single-hydraulic cylinder will drive the choke turn a circle, being along with the relevant linear displacement. The choke will be fully opened or closed when the times of the action of hydraulic oil reaches the set number [3] . 
The Working Principle of Stepping Actuators
The control block diagram of closed-loop system of the production choke is shown in Fig. 2 . The operator sends commands to the subsea control module through the main control station on the water, then the subsea control module will open the inner related electro-hydraulic reversing valve. Hydraulic fluid drives the main valve spool of the electro-hydraulic reversing valve make a corresponding move, which will control the single-hydraulic cylinder located inside of actuator to move. The single-hydraulic cylinder drives ratchet mechanism which is located inside stepping actuators, and then the connecting rod connected with the ratchet pushes the valve of the production choke into opening a certain extent. Repeat the above process, and the production choke will gradually open. On the contrary, if the electro-hydraulic reversing valve, which controls the production choke to close, is opened, the ratchet mechanism driven by the hydraulic fluid will be controlled to turn into the opposite direction. So the production choke will close a certain extent. Repeat the above steps, ensuring the number of times of closing steps and the opening steps in of the production choke is equaled, the extent of closure is the same. The production choke will be fully closed when the number of times of repeat steps equals the set number.
Fig. 2 The closed-loop control block diagram of the production choke
In order to achieve more precise control, position sensor should be installed in the moving parts of the production choke to detect its changes in the degree of opening. The subsea control module receives data that feedback from position sensor, and then send the data to the main control station on the water. So operators can make the right responses according to the feedback information [4] [5] .
Control System Modeling
Stepping Actuators. The stepping actuator contains ratchet mechanism, two single-acting hydraulic cylinders and some subsidiary parts. The number of teeth of the ratchet Z=10. So the turning angle of ratchet is θ when the distance of the single-acting hydraulic cylinder runs once is L, then
When the turning angle of stepping actuators ratchet is p θ and setting the motion stroke of the singleacting hydraulic cylinder is p x , there will be
Electro-hydraulic Reversing Valve. The schematic diagram of the electro-hydraulic reversing valve is shown in Fig. 3 . It is shown in Fig. 3 that the main valve of the electro-hydraulic reversing valve is four-sided valve with Zero opening. Due to the rapid development of mechanical processing technology in recent years, the working accuracy of mechanical parts has increased dramatically during the past couple of decades. So the slide valve of actual processing is quite close to the slide valve designed based on the standard of theory. The slide valve is designed as sharp edges to throttle with ignoring radial clearance between valve core and pocket [6] , in research. The total mass of piston and load is c M , and their viscous damping coefficient is c B . The rigidity of spring is K , the additional load is l F . Then calculating the Laplace transform to incremental of the force balance equation [7] of hydraulic cylinder with single action, there will be 2 lhcpcppl pAMSxBSxkxF ×=××+××+×+ .
Supposing that the pressure coefficient of total flow is ce k , the coefficient of entrance flow is q k , the corner frequency of inertia link is r ω , and the natural frequency is 0 ω . The variable L Q and l p can be eliminated by combing Eq. (3) 
The Simulation Analysis of the Control System
Using the Simulink blocks included in the MATLAB to simulate the transfer function of the stepping actuators, and then to verify the stability of system according to the simulation curve. According to the Eq. (7), establishing the control block diagram in the Simulink blocks and making the control system work, can we get the simulation result that is shown in Fig. 5 . Fig. 5 illustrates that the damping of the system is relatively small when directly simulating the closed-loop control system of the production choke which controlled by the stepping actuator. The step response curve is unstable, so gradual divergence will happen since 80s. In order to improve the response of the system and make it convergence and stability, the structure of the system should be adjusted and added appropriate correction device. In this study, it chose to add the zeros and poles to transfer function, which is meaning adding a controller. Adjust the Bode diagram of the control system in the MATLAB software, so the gain margin (GM) and phase margin (PM) is positive [8] at the same time, which can determine the system is stable. By adjusting, the controller function can be calculated by the MATLAB as follows:
Add the controller of Eq. (8) to the control block diagram of the system, as shown in Fig. 6 . Fig. 6 The control block diagram of the improved system
Operating the improved control system, the simulation result is shown in Fig. 7 . Fig.7 shows that the step response curve of the improved control system is stable, the adjustment time is about 0.2s, the overshoot of response is 10% and there is no steady-state error. By studying, we can know that the improved system meets the control requirements. t (sec) Fig. 7 The step response of the improved control system
Conclusions
In our country's energy exploration in the future, it is the key point about exploring petroleum and natural gas. However, the development and research of the production equipment of the subsea oil and gas is still in its infancy in our country. The valve actuator is an important device used in the subsea production system. Its working performance is directly related to the subsea production safety. In this paper, the working principle of subsea valve stepping actuators is studied. Moreover, the response characteristics of the control system is simulated and checked by MATLAB software. Then take some measures to improve its response characteristic, and make it meet the control requirements of system, which has certain meaningful value in the development of deep-water oil and gas field.
